MRI utilizes CT and nuclear magnetic resonance technology. Excellent distinction between gray and white matter in TJ-weighted inversion recovery proton-imaging sequences produces anatomical images that approximate those obtained at autopsy. Unlike x-ray CT, MRI does not use ionizing radia tion, and normal volunteers, in whom tests of func tional lateralization can be carried out, can be safely imaged. These images of normal subjects can be used to quantify variations in structure within a normal popUlation that are related to age, sex, and cerebral laterality. Norms can be established for an atomical areas, linear measurements, and relation ships to internal landmarks that can be particularly useful for anatomical correlation in functional imaging such as PET and SPECT. Such data could be used to test the validity of stereotaxic or other functional image analysis schemes.
In addition to the excellent gray and white matter delineation mentioned above, the brain-CSF con trast is also high with certain pulse sequences that utilize a short time-to-echo interval. These images are free from bone artifact, which is another advan tage over x-ray CT. Inversion recovery images are dependent on the TJ constant. Thickness of the imaged slice introduces partial volume effects be tween the brain and CSF and between the gray and white matter, limiting the resolution of the MRI image to some extent (Simmonds et ai. , 1983) . Tissues with a short TJ, such as white matter, ap pear in the light end of the gray scale, and those with a longer TJ, such as gray matter, toward the dark end. CSF has a very long TJ and appears very dark. Fluids and tissues such as cortical bone, which have a low proton density, also appear at the dark end of the gray scale.
One of the major advantages of MRI is the ease of displaying sagittal and coronal images in addition to a variety of axial angles without changes in the gantry or elaborate reconstruction procedures that alter the quality of the imaging in CT scanning. This is particularly important in anatomical studies as well as in studying the posterior fossa and temporal lobe structures.
IMAGE RESOLUTION IN MRI
The first MRI images of the human brain were published in 1980, but many improvements have occurred in instrumentation and image quality. However, the state of imaging is still in flux, with higher-strength magnets and other technology coming on-stream. Spatial resolution is determined by the size of the acquisition matrix and the number of pulse sequences repeated to acquire a signal. A higher-resolution image has a lower signal-to-noise ratio and also takes longer to ac quire owing to the number of projections used (Bradley et aI., 1985) . Increased imaging time may be associated with increased patient motion in a clinical setting, but it may be appropriate for imaging normal anatomy. This would add, how ever, to the cost of the acquisition of a data base. Contrast in images depends not only on the proton density and the T, and T2 relaxation constants, as mentioned above, but also on the possible move ment of the molecules in the tissue (e.g., flow) as well as the pulse sequence parameters. Resolution of the image depends on all of these variables, some of which can be controlled and some that are part of the tissue characteristic that is to be imaged. These variables can be expressed in one equation: (Crooks et aI., 1982) , where N(H) is the proton density, T, is the longitudinal relaxation time, T2 is spin-to-spin re laxation time, andflv) is the flow function. As seen from the equation, TE and TR, the manipulable factors, significantly influence the intensity and therefore the contrast.
HUMAN BRAIN MORPHOMETRY
MRI can contribute sample data from normal human brains and their variations from individual to individual, which can be analyzed morphometri cally. It is essential that the morphometric analysis be based on anatomical landmarks that can be seen in standardized images produced by a great variety of MRI equipment, if such a data base is to be used universally.
Morphometric studies of normal brains have been undertaken in various laboratories. Sex and age differences are well established, while intellec tual and functional differences related to brain size or structure are more controversial. The female brain is �200 g smaller than the male brain on the average, and this is reflected in MRI measures (see below) and must be taken into consideration in any anatomical data base. Age differences are less well studied, although clinicians and anatomists are aware of the "normal" shrinkage that takes place with age. A recent morphometric analysis of x-ray CT scans examined age and other biological vari ables in age cohorts (Schwartz et aI., 1985) .
Anatomical asymmetries in the brain have been less obvious than functional lateralization, which has been established for 120 years since Broca dis covered language dominance in the left hemi sphere. However, more recent studies have high lighted important and at times not so subtle differ ences between the hemispheres that should be taken into consideration when a data base for func tional imaging is established. The earliest studies reviewed by LeMay (1977) showed weight and size asymmetries, some of which suggest a slightly larger right hemisphere. Cunningham (1882) ob served sylvian fissures curving up more sharply on the right and lying horizontally on the left. This was confirmed quantitatively by Rubens et al. (1976) . Heschl noted two transverse gyri in the temporal operculum on the right, and Pfeiffer (1936) called attention to the larger planum temporale, the area behind Heschl's gyrus on the left. Geschwind and Levitsky (1968) studied the planum temporale by cutting 100 brains in the plane of the sylvian fis sure. They found the planum larger on the left side in 65%, larger on the right in 11%, and equal in 24%. This has been confirmed in newborns (Wi telson, 1973; Wada, 1975) , indicating that this asymmetry may in fact be the basis of a "pre wired" structural feature of our brain, allowing the development of language dominance on the left. Orthner and Sendler (1975) sectioned 58 "normal" brains coronally and measured areas with a plani metric technique on photographs. Age and sex standards were obtained and the right and left asymmetries, particularly of the central structures, were determined. The female-to-male ratio of structures varied between 0.86 and 0.92. The left pallidum was larger in both sexes (p < 0.05), and a prominence of the right frontal region anterior to the AC was also found (p < 0.01).
Petalias, which are indentations of the skull re sulting from greater protrusion of the adjacent cere bral lobe, are seen in modern skulls and skull endo-casts. LeMay (1977) was the first to investigate asymmetries of the petalias in vivo using CT scans. Specifically, she reported frontal and occipital asymmetries. LeMay has shown that the left occip ital petalia is greater and the occipital lobe is wider and/or longer in 69% of 158 right-handed subjects, greater on the right in 9%, and equal in 22%. A wider and/or frontal lobe is more frequent on the right (30%) than on the left (7%), but most of the time there is no obvious difference. Left-handed subjects have a more symmetrical distribution of occipital petalias or even the reverse pattern. Chui and Damasio (1980) , however, found no significant differences between left and right handers and con cluded that the asymmetries observed may be more related to language dominance than handedness. There is considerable evidence describing anatom ical asymmetry in animals that is not related to lan guage (Glick, 1985) .
One of the most interesting recent discoveries is the neurochemical asymmetry in the CNS, first demonstrated by Glick (1985) in the rat. Subse quent studies showed significant differences in the norepinephrine content of posterior thalamic nu clei, more in the left side in humans, and increased choline acetyltransferase activity of the left tem poral lobes, area 22, which is also found in infants, indicating the likelihood of an inborn neurotrans mitter asymmetry in addition to a presumed struc tural asymmetry.
The complexity of functional lateralization and sex differences is reflected by a large body of re cent psychological literature dealing mainly with dichotic listening, visual field preference, and hand edness. The anatomical basis of functional later ality remains hypothetical, however, with the ex ception of a study correlating the asymmetry of the sylvian point with intracarotid Amy tal studies of cerebral dominance in an epileptic population (Rat cliff et aI. , 1980) . MRI offers a unique opportunity to study the re lationship of functional lateralization and in vivo anatomical asymmetry in the same normal subjects who are undergoing these psychological measures of lateralization. We observed one of the most ob vious asymmetries on inversion recovery images at the posterior opercular regions (Kertesz et aI. , 1984) . Axial sections across the insula showed a larger \eft planum or opercular sulci that continued at a larger angle posteriorly and a sharper demarca tion of the opercular region from the parietal sulci on the right. In a pilot study, we found this in 88% of all scans. In corresponding anatomical sections in the same plane, the acute demarcation on the right and a gradual slope associated with the J Cereb Blood Flow Me/ab, Vol. 7, No.2, 1987 planum on the left were confirmed (Kertesz et aI. , 1986) .
The adaptation of our data set for functional imaging may involve several steps such as using morphometry to compare the normal variations and establishing landmarks by which the MRI and PET images can be brought to a common denominator. Such an MRI data base would enable us to locate anatomical structures in PET and SPECT images, taking into consideration functional (especially handedness and cerebral dominance) and sex dif ferences. From identifiable landmarks, using a set of three-dimensional coordinates, other anatomical structures in the PET images can be extrapolated with the help of the MRI data base. Further im provement in transfer and standardization of ana tomical information could be achieved with a three dimensional display of our data set using one of the available programs (Axel et aI. , 1983; Keyserlingk et aI. , 1984; Vries et aI. , 1985 ) (see the position paper by G. T. Herman).
